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(57) A bicycle with a power assisting function has 
an electric motor (4) lor adding part of propulsive forces 
to manual forces to assist in the manual forces, a battery 
(T3) for supplying electric energy to the electric motor 
(4), a treading 1orce detecting circuit (3) for detecting 
manual forces applied as propulsive forces, and a con- 



trot circuit (12) for controlling operation of the electric 
motor (4) depending on the magnitude of detected man- 
ual forces. The electric motor (4) is operable as an elec- 
tric generator with extra manual forces for utilizing part 
of regenerated electric energy to charge the battery 
(13): 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a bicycle with a power assisting lunction, and more particularly to a bicyci 
with a power assisting lunction which has a power assisting device comprising an electric motor and is capable c 
applying part of energy from extra manual power to charge a power supply of the electric motor lor thereby increasin 
the distance that the bicycle can travel by being assisted by the power assisting device. 

[0002] There have been proposed vehicles such as bicycles with a power assisting device for assisting in pan of th 
propulsive power with auxiliary power from an electric motor or the like. 

[0003] For example, a bicycle assisted by an electric motor increases its traction forces when assisted by the electn 
motor depending on the treading forces applied by the user to the pedals of the bicycle. 

[0004] Since the rotational output of the electric motor may be transmitted only in a direction to accelerate the bicycle 
the rotation of the electric motor is transmitted to the drive wheel via a one-way clutch (freewheel). The one-way clutc 
is effective to prevent the electric motor from becoming a useless load when the bicycle is run by only manual forces 
[0005] The distance that the power-assisted bicycle can travel for a charged quantity of electric energy in a batter 
on the bicycle is determined by the capacity of the battery and an electric current consumed by the electric motor t 
assist in running the bicycle. 

[0006] An example with the following specifications will be described below: 
Battery capacity: 5 Ah 

[0007] Distance traveled by a single battery charging 
cycle: 30 km 

[0008] If the bicycle runs 10 km everyday, then the battery on the bicycle has to be charged every 3 days. When th 
bicycle has run more than 30 km, the bicycle can no longer be assisted by the electric motor The distance that th 
bicycle can travel per battery charging cycle is reduced when the bicycle runs uphill and downhill. 
[0009] As described above, the conventional bicycle with the power assisting function based on the assistive powe 
from the electric motor is disadvantageous in that it cannot travel a sufficient distance per battery charging cycle, need 
frequent charging on the battery, and cannot be power-assisted after ft has run beyond a certain distance. 
[0010] FIG. 16 is a block diagram showing a basic arrangement of a conventional bicycle with a power assistin 
function, and FIG. 17 is a view showing the concept of power transmission of the conventional bicycle. In FIGS. V 
and 17, the bicycle has a crank 1, one-way clutches 2, 6, 10, a treading force detecting circuit 3, an electric motor ^ 
a speed reducer 5, a crank gear 7, a chain 6, a drive gear 9, a drive wheel 11, a motor drive/output control circuit 12 
and a battery 1 3. 

[0011] Manual forces applied to the crank 1 are detected by the treading force detecting circuit 3. The motor drive 
output control circuit 12 determines an assistive power from the treading lorces and the bicycle speed, and controls . 
current and a voltage of the electric motor 4. If necessary, the motor drive/output control circuit 12 confirms that th 
voltage and the current are properly controlled. The assistive power is such that it produces the same traction force 
as the treading forces up to a bicycle speed of 15 km/h, reduces the traction forces depending on the bicycle spee; 
when the bicycle speed exceeds 15 km/h, and eliminates the traction forces when the bicycle speed is 24 km/h. 
[0012] The treading forces on the crank 1 are transmitted via the one-way clutch 2 and the treading force detecting 
circuit 3 to the crank gear 7, and then via the chain 8 to the drive gear 9, from which they are transmitted via the one 
way clutch 10 to drive the drive wheel 11, whereupon the bicycle runs in the direction of travel indicated by the arro\ 
in FIG. 17. The output power of the electric motor 4 is transmitted via the speed reducer 5 and the one-way clutch f 
to the crank gear 7, from which it is transmitted in the same manner as with the treading forces from the crank 1 . Th< 
manual forces and the assistive power from the electric motor are added and applied to the crank gear 7.. 
[001 3] The one-way clutch 6 serves to prevent the rotation of the crank 1 from being transmitted to the electric mote 
4 ; so that the manual forces are prevented from being lost when no assistive power is available. 
[001 4] The one-way clutch 2 serves to prevent the rotation of the electric motor 4 from being transmitted to the cran i 
1 • so that the crank 1 is prevented from rotating against the intention of the rider. 

[0015] In this system, since the electric motor 4 assists in rotating the crank 1 with the intention of the rider the cranl 
1 does not rotate against the intention of the rider in principle. However, due to a delay in the detection of the treadinc 
forces, the inertia of the rotation of the electric motor and other processing reasons, the crank 1 may receive rotation* 
power from the electric motor 4. The one-way clutch 2 is required i1 such rotational power from the electric motor 4 tc 
the crank 1 is not preferable. 
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} 001 6] The one-way clutch 10 serves to prevent the crank 1 from rotating due to momentum while the bicycle is 
i tinning.- II the one-way clutch 2 is present, then the crank 1 is prevented 1rom rotating without the one-way clutch 10. 
*] no one-way clutch 10 is required it a loss caused by the rotation of the chain and the crank gear is not preferable. 
1 001 7] The speed reducer 5 comprises a belt or a chain in FIG. 17. 

|0018] Heretofore, as described above, the one-way clutch 10 is disposed to prevent the drive wheel 11 Irom rotating 
the electric motor 4 while the bicycle is running. When the bicycle is propelled, the drive wheel 11 is rotated by the 
electric motor 4 via the speed reducer. When the bicycle runs due to momentum or in a regenerative mode, the electric 
motor 4 is rotated by the drive wheel 11 via the speed reducer, amplifying an idling torque of the electric motor 4 and 
increasing a loss when the bicycle runs without propulsive power. The one-way clutch 10 is provided to avoid such a 
condition. (II the bicycle were viewed as an ordinary bicycle, it would become heavy when run by only manual lorces 
or it would sutler increased resistance when pushed by the rider while walking.) 

[0019] 11 the idling torque ot the electric motor is 1 [kg - cm] and the speed reducer has a speed reduction ratio of 1: 
20, then the torque is amplified to 20 [kg - cm] as viewed from the drive wheel, making the rider feel a very large 
resistance from the. bicycle. The torque of 20 [kg - cm] as converted to traction lorces of the drive wheel is equal to 
about 6 [N]. This makes the rider leel a considerable increase in the resistance because the traction lorces required 
for the bicycle to run at 15 km/h are about 10 [N]. 

[0020] The loss caused by the electric motor comprises a hysteresis loss of iron, a bearing loss, a windage loss, a 
brush friction loss, etc., with the hysteresis loss and the brush Iriction loss particularly become a problem. 
[0021] As described above, the conventional bicycle with the power assisting function has problems in that it cannot 
travel a sufficient distance per battery charging cycle, needs frequent charging on the battery, and cannot be power- 
assisted after it has run beyond a certain distance. 

SUMMARY OF THE INVENTION 

[0022] It is therefore an object of the present invention to provide a bicycle with a power assisting function which 
utilizes part of the energy produced when the bicycle runs downhill or extra manual forces are available from the rider, 
in a regenerative mode for thereby increasing the distance that the bicycle can travel when it is power-assisted. 
[0023] To accomplish the above object, there is provided a bicycle with a power assisting function, comprising an 
electric motor for adding part of propulsive forces to manual forces to assist in the manual forces, power supply means 
including a battery for supplying electric energy to the electric motor, control means for controlling operation ot the 
electric motor, regenerating means for regenerating electric energy to charge the power supply with part of energy 
from extra manual lorces, running state detecting means for detecting a running state, and display/indication means 
for displaying/indicating a running state and/or a running target depending on the running state detected by the running 
state detecting means. The display/indication means is capable of displaying/indicating an appropriate running speed 
to the rider of the bicycle for greatly increasing the distance that the bicycle can travel. 

[0024] The running target may comprise propulsive forces to be generated manually, the display/indication means 
comprising means for displaying/indicating any difference between the running target and a present running state for 
the rider of the bicycle to determine the difference exactly. The display/indication means can display running instructions 
so as to be easily seen by the rider of the bicycle. 

[0025] The running state detecting means may comprise gradient detecting means for detecting a gradient of a 
running path for the bicycle, and speed delecting means for detecting a present speed of the bicycle, the display/ 
indication means comprising means for displaying/indicating a target speed and a present running speed detected by 
the speed detecting means and/or a quantity depending on an excess or insufficiency of the difference between the 
target speed and the present running speed depending on the gradient detected by the gradient detecting means: 
[0026] The display/indication means may comprise means for displaying/indicating, as the target speed, a running 
speed to maximize a charging current supplied to the power supply means if the gradient detected by the gradient 
. detecting means is a downhill gradient, and a speed, determined in view of a practical running speed, to minimize a 
. consumed current of the power supply means if the gradient detected by the gradient detecting means is an uphill 
gradient. The display/indication means can thus indicate a running speed suitable for uphill or downhill running to the 
rider of the bicycle for greatly increasing the distance that the bicycle can travel. 

[0027] The control means may comprise means for controlling operation of the regenerating means. 
[0028] The control means may comprise means for controlling the regenerating means to regenerate electric energy 
when a running speed of the bicycle is higher than a predetermined level while the bicycle is running on flat terrain. 
[0029] The control means may comprise means for controlling operation of the regenerating means if the gradient 
detected by the gradient detecting means is a downhill gradient and controlling running of the bicycle at an optimum 
running speed depending on the detected downhill gradient. 

[0030] The regenerating means may comprise means for utilizing part of the electric energy to charge the power 
supply means when a brake lever is operated. Electric energy can thus be regenerated highly efficiently with. a relatively 
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by the inverse operation from the running conditions of the bicycle. For an easier understanding ol the invention, 
however, it is assumed that the bicycle includes the treading lorce detecting circuit 3. 

[0037] The present embodiment resides in that the electric motor 4 is rotated by the motor-operated drive wheel 14 
to operate as an electric generator lor charging the battery 13. Since a power transmission apparatus such as gears 
needs to be connected all the time, the electric motor 4 is required to have a very small idling loss. 
[0038] As described above, the idling loss ol the electric motor comprises a hysteresis loss of iron, a bearing loss, 
a windage loss, a brush Iriction loss, etc., with the hysteresis loss and the brush friction loss particularly become a 
problem. . 

[0039] According to the present embodiment, the idling loss is reduced by using a brushless electric motor to eliminate 
the brush loss, a coreless electric motor to eliminate the hysteresis loss, and a direct-drive electric motor to eliminate 
an increase ot loss at higher-speed gears. 

[0040] In FIG. 1 , the bicycle incorporates a front drive mechanism in which a direct-drive electric motor 4 is mounted 
on the Iront wheel of the bicycle. The front drive mechanism is effective in making the overall bicycle arrangement 
highly simple. Since the electric motor 4 drives the front wheel, mechanisms related to the crank gear 7 are simplified, 
making unnecessary the one-way clutches 2, 6 shown in FIG. 16. The one-way clutch 10 serves to prevent the crank 
1 1rom being rotated by the drive wheel 11 while the bicycle is running. 

[0041] The electric motor 4 mounted on the Iront wheel is an outer-rotor type in which the rotatable shaft thereof is 
fixed to the fork of the Iront wheel with the outer rotor thereof being rotatable in unison withthe front wheel. The spokes 
of the front wheel are attached to an outer circumferential surface of the outer rotor. 

[0042] Since the electric motor 4 rotates all the time while the bicycle is running, it is designed to reduce the idling 
loss as much as possible. The electric motor 4 has no brush with no brush loss, has an armature core designed for as 
small a hysteresis loss as possible, and is constructed to reduce small rotational speed irregularities due to the armature 
core and the field system thereby to make vibrations inappreciable while the bicycle is running. 
_JO043] In the present embodiment, the electric motor 4 comprises a brushless, direct-drive electric motor. 
[0044] Basic ideas of running resistance, traction forces, and power assistance will be described below. 
[0045] The running resistance to the bicycle can be represented by rolling resistance + windage loss resistance + 
gradient resistance. 

[0046] The running resistance R [N] is expressed by the following representative equation which includes coefficients 
I of these resistances: 

I R = 2 X 2.7 + 0.027 XV2 + 9.6 x W x sin 6 

where V is the speed [km/h], W the total weight [kg], and G the gradient [']. This equation has been simplified to ignore 

the following factors insofar as their omission poses no practical problems: 

[0047] Changes in the rolling resistance due to the weight of the rider are ignored. 

[0048] Changes in the windage loss resistance due to the physique of the rider are ignored. 

[0049] The cos 0 component related to the gradient resistance is omitted. 

[0050] FIG. 2 shows the relationship between the running resistances, traction forces, and speeds when the total 
weight is 80 kg. In FIG. 2, the running resistance increases quadratically. When the gradient and the weight increase, 
the curve is shifted upwardly. Since the total weight is determined as 80 kg, only the gradient is indicated as a parameter. 
When the gradient becomes downhill (negative), the curve is shifted downwardly. If the traction forces are greater than 
the running resistance, then the bicycle is accelerated until a state of balance is reached when the traction forces 
become equal to the running resistance. The bicycle is decelerated when the traction forces are smaller than the 
running resistance. 

[0051] For example, if the traction forces are applied according to a traction force curve 4-1 and the bicycle runs on 
flat terrain (gradient: 0° ), then the speed (about 27 km/h in this embodiment) of the bicycle is reached when the running 
resistance at 0° and the traction lorce curve 4-1 cross each other. 

[0052] At a gradient of - 2° (downhill), when the speed is low, since the gradient forces are negative, the bicycle is 
accelerated without the application of forces, and the running resistance increases with the speed, and a state of 
balance is reached when the traction forces become equal to the running resistance (about 28 Km/h in this embodiment). 
[0053] Human beings produce variety of traction forces depending on the traction force duration, age, sex : training 
experience, physique, etc. 

[0054] When the speed is lower, the traction forces are larger. As the speed is higher, the traction forces become 
smaller. Generally, traction forces that can be produced for a long time are about 50 W, and traction forces that can 
be produced for a short time are about 200 W. It has been said that persons who have been trained are capable of 
^producing traction forces several times greater than the above values. 
[0055] FIG. 3 shows the relationship between traction forces and speeds of the bicycle at different output levels, 

5" 
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illustrating the magnitudes ot the traction forces of 50 W, 200 W, and 400 W. Since the output levels are calculated as 
the product of the speed and the traction 1orces : as the speed is lower the traction forces become greater, and the 
traction forces are infinitely large when the speed is nil. Of course, lorces that are produced by human beings are finite 
in magnitude and speed, and have different characteristics from the illustrated.charactenstics of constant output levels. 
It can be seen from FIG, 3 that even with the output level of 50 W : the bicycle can run at a speed of ten and several 
km/h on flat terrain. . v 
[0056] Basics of manual forces and assistive forces will be described below. Since manual traction forces are complex 
and cannot uniquely be expressed as described above, they are represented in a simulated manner as shown in FIG. 
4. FIG. 4 shows the relationship between simulated manual traction forces and assistive traction forces of the bicycle. 
A manual traction force curve 4-1 represents manual (treading) traction forces, which are constant up to a speed VI , 
decreases beyond the speed VI , and becomes nil at a speed V3. 

[0057] An assistive traction force curve 4-2 represents traction forces generated by the electric motor, which are the 
same as the manual traction forces up to the speed VI , decreases beyond the speed VI , and becomes nil at a speed 
V2. The speeds VI , V2 are indicated as 15 km/h and 24 km/h, respectively, as is conventional. The speed V3 is not a 
predetermined value : and is indicated as 30 km/h. 

[0058] A total traction force curve 4-3 represents total traction forces indicative of the sum of the manual traction 
forces and the assistive traction forces. The total traction forces are twice the manual traction forces up to the speed 
VI , decrease beyond the speed VI , and are equal to the manual traction lorces beyond the speed V2 
[0059] When the bicycle shown in FIG. 1 runs downhill, since the electric motor 4 is directly connected to the front 
wheel, the electric motor 4 operates as an electric generator. It the generated electric power is returned to the battery 
1 3 in some way, then the battery 1 3 is charged, increasing the distance that the bicycle can travel while being assisted. 
[0060] In order to obtain a charging current even when the voltage of the electric power generated by the electric 
motor 4 is lower than the voltage of the battery, the bicycle needs a control circuit with a boosting function, in this 
embodiment, a control circuit for controlling the DC brushless electric motor is arranged for bidirectional control such 
that when the electric motor is controlled by electric energy from the battery 1 3, the voltage of the electric energy from , 
the battery 13 is lowered, and when the battery 13 is charged by electric energy generated by the electric motor the - 
voltage of the electric energy generated by the electric motor is increased. An example of the control circuit will be. 
described below. 

[0061] Beyond a certain speed : the electromotive forces of the electric motor are higher than the battery voltage, 
and hence a charging current is available even when the voltage of the generated electric energy is not increased. 
While the charging current is flowing, because the bicycle is subject to regenerative braking, the bicycle undergoes 
decelerating forces. 

[0062] Thus, when the bicycle runs downhill at a certain speed, the battery on the bicycle can be charged. The 
amount of electric energy by which the battery can be charged differs depending on the gradient ot the downhill slope 
and the speed or the tike. 

[0063] FIG. 5 shows charged quantities at the time the bicycle runs downhill for 1 km at different speeds with ar 
electric motor which has the following specifications: 

Main specifications of the electric motor: 
Type: DC brushless electric motor 
Rated voltage: 2B.B V 
No-load current: 0.5 A 
Torque constant: 12 kg - cm/A 
Internal resistance: 0.4 CI 
Other specification: 

Battery internal resistance: about 0.16 Q. : line 
resistance: about O.OB Q including the control circuit) 
Control circuit loss: about 3 W (constant) 

[0064] In FIG. 5, the charged quantity is maximum in cells that are indicated by the bold lines. At the gradient of- 2° 
the charged quantity is maximum at about the speed ol 14 km/h. As the downhill gradient increases, the speed at whicl 
the maximum charged quantity is obtained increases. When the speed increases at a lower gradient the running 
resistance increases, and the electric energy available for charging the battery decreases. When the bicycle runs ; 
. steel downhill slope at a low speed, the charged quantity decreases because of an MR loss due to a large current an- 
an insufficient'amount of generated electric power because of a low rotational speed of the electric motor. 
[0065] Blank cells at lower speeds in FIG. 5 indicate that the electric motor fails to produce braking forces that ca 
keep those lower speeds. Stated otherwise, since the voltage of the generated electric power is low, no braking current 
capable of keeping the lower speeds can flow. 
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|0066] Consumed currents when the bicycle runs uphill are given in the table shown in FIG. 6. 

]0067] FIG. 6 shows consumed currents ot the electric motor when the same traction lorces as those produced by 

the electric motor are manually generated. 

[0068) For the bicycle to run uphill, there are speeds where the consumed current is minimum depending on the 
gradient (see cells indicated by bold lines). The consumed current is larger at lower speeds and higher speeds because 
the motor is used with low efficiency at lower speeds, and the windage loss increases and the running resistance 
increases at higher speeds. Furthermore, since minimum values may exist at impractical speeds depending on the 
design ol the motor and the drive system, speeds that do not sutler practical problems have to be selected. 
[0069] As the gradient increases, the minimum consumed current speed increases. This is because the ratio ot an 
increase in the windage loss to the gradient resistance becomes smaller as the gradient is greater. 
[0070] Cells represented by a bar indicate that the rotational speed is too low lor the bicycle to run at the speed with 
the preset battery voltage (28. B V). 

[0071] Consumed currents and distances that the bicycle can travel when the bicycle runs uphill and downhill in the 
examples shown in FIGS. 5 and 6 will be described below. 

[0072] It the bicycle runs uphill at a speed tor the minimum consumed current and downhill at a speed tor the maximum 
regenerated current, then when the bicycle runs uphill at a gradient ol 2° 1or 1 km at a speed of 10 km/h, the consumed 
current is minimum, and the battery is discharged at a rate ot 0.223 Ah, and when the bicycle runs downhill at a gradient 
ot 2° for 1 km at a speed of 1 0 km/h, the regenerated current is maximum, and the battery is charged at a rate of 0. 1 33 Ah. 
[0073] When the bicycle runs in one cycle uphill for 1 km and downhill lor 1 km, the current of 0.223 - 0.133 = 0.090 
Ah is consumed. If the fully charged capacity of the battery is 5 Ah, the bicycle can run lor: 

2*5/0.09 = 111 [km] 

This distance is a large improvement over the distance that the bicycle could run without any regenerative lunction 
because the latter distance is: 

2*5/0.223 = 45 [km]. 

[0074] The above result is obtained because good running conditions are selected. If running conditions are not 
taken into account, then there may be instances where substantial advantages can be achieved from the regenerative 
function. For example, if the bicycle runs uphill slowly at a speed of about 6 km/h, and runs downhill at a high r speed 
of 24 km/h, then a current of 0.233 Ah is consumed 1rom the battery in the uphill running, and a current of 0.045 Ah is 
regenerated in the downhill running, resulting in a distance of 52 km that the bicycle can run. Accordingly substantially 
no advantages can be achieved. 

[0075] The speed at which optimum advantages can be achieved varies depending on various factors including the 
motor characteristics, the weight, and the running resistance. The gradient as well as the total weight of the bicycle 
will affect the optimum speed. 

[0076] The gradient can be detected by a sensor, and the weight can be calculated trom the gradient and the accel- 
eration. A process of determining the total weight m of the bicycle will briefly be described below. 

1) If a manual force detecting means detects a total weight from the gradient and the acceleration, rather than the 
treading forces, an accelerating/decelerating lorce (f) is determined from the motor torque, the gradient, and the 
known running resistance when no manual lorces are available judging from the rotation of the crank, and the total 
weight m is determined from the accelerating/decelerating lorce (f) and an acceleration/deceleration (a: a rate of 
change of the speed) as follows:. 

m = f/a 

2) If the treading force detecting circuit is available, then an accelerating/decelerating lorce (f) is determined Irom 
the manual forces, the motor power, the gradient, and the running resistance, and the total weight m is determined 
Irom the accelerating/decelerating force (t) and the acceleration/deceleration a according to the above equation. 

[0077] A control circuit and regenerative control of a brushless electric motor will be described below with reference 
lo FIGS. 7, B, and 9. 

[0078] Controlling the brushless electric motor will briefly be described below. 
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^ . < v with a brush the brush is held in sliding contact with a switching devi 

[0 079] in an ord.nary DC elec nc mo ^^^ ^ Jhe brush and tne comm utator change the direct.ons 
Known as a commutator to supply a current to an ^ lure . electr|C motor r0IBles in one d.rectu 

currents in coils at posit.ons where the pofcnt.es ^ wim B control circuit compns 

lhe control circuit lor the ^ ushle "^. Ct " C nd m s Xl wavelorms in the control circuit. U, V, W phases corresponding 
[0081] FIG: B shows voltage, current and s .gnar wave '° switching devices FET-1, FET 2; .... F 

the respective three phases are «2£^ r ^'^^^ ^ control circuit supplies gate signals to 
5. FET 6. The voltage U will be described by ™ a V * e ~™P ® _ d th FET 2 is lune d on when the FET 

FETs such that the FET 2 is turned off when the FET ,s t urn d on, ^ »he FET 2 ^ ^ ^ 

turned off. When the FET 1 is turned on, the votage U« equal X °J^^ . , J voltage across the FET 2 (Gr- 
and when the FET 2 is turned on, the vo.tage U ,s equal ^^^^^ v 9 oltages o1 the other pha, 
A current flowing through the U ^^"S^ h ough the V and W phases have pos, 

as indicated by the U-phase W-phase current in FIG. 8. These phase currents 

[0082] PWM motor ^ ^ _ be varied . F1 , 

■EX — — — ln the example shown 

battery voltage is of a 50 % d ^^' 8 ^^lert wavelorms lor only the U phase at the time the brusr 

SmTo^ — ™ — ^ ^ ^ 

SSTSSSTS S^i" In'the period in which a curre. ^XX^X^ 

constitutes one half. See » ,owerthan the average vo.tage (Ua) of the U p> 

[0086] When the electromotive force (VM) of the electnc ^oio tlows.throi 
a current flows through a path ,1 when the FET in . Section to energiz 

path .2 when the FET 2 ,s turned 'on ^^^^ilctri motor The current has the waveform 10-2 in FIG. 10. 
electric motor flows through the coils of the electric ™° r . describ ed below. When the electromotive 

I0 087] Operation o, the T^^^^'^SSS^ * of the U phase, no current flows through the 

in the battery. . . rnmn1iv/ p 1nrce o1 lne electric motor is lower than the voltage of the bat 
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states and running conditions. K i«^i 0 ran travel can be increased when the 

[0092] It has been described above that the distance thai the bicycle can travel can he 
ss runs at an optimum speed depending on uphill and downhill gradients. 

[0093] However, the rider of the b.cycle finds it difficult to accurately fee the g ««*^ 8 ^SSy condition, 
is presently running, and may diflerent.y feel uphill and downhHI gradients due c ^Li are die 
[0094] To avoid such a shortcoming, running conditions depending on uphill and downhill gradient 
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(indicated) lo the rider to allow the rider to run the bicycle according to the displayed (indicated) running conditions. 
[0095] The rider treads the pedals or operates the brake lever (whose lunction will be described later on) according 
to the displayed inlormation lor thereby controlling the speed ot the bicycle. 

[0096] On a downhill slope that the rider can recognize, the bicycle runs downhill at an automatically established 
speed with the rider not treading the pedals according to its own intention. Even on a downhill slope that the rider 
cannot recognize, the rider can run the bicycle under suitable conditions by tollowing the displayed inlormation. 
[0097] The running conditions are determined primarily by way ot calculations (or based on a table) based on inlor- 
mation representing a detected gradient, delected treading lorces, and if necessary, a temperature, and a battery 
capacity (not shown). 

[0098] The inlormation may be displayed in any ot various ways. For example, the difference between the calculated 

running conditions and the present operating conditions may be displayed, or the calculated running conditions and 

the present operating conditions may directly be displayed, or whether the difference is being eliminated or increased 

may be displayed, or the information may visually or audibly be displayed. Any of these display processes may be 

employed insofar as it can effectively give the rider information for optimally running the bicycle. 

[0099] A process of increasing the distance that the bicycle can travel in the regenerative mode will be described 

below. 

[01 00] As described above, the distance that the bicycle can travel can be increased by running up and down a slope 
of a certain gradient. However, when the bicycle runs on flat terrain, the distance that the bicycle can travel cannot be 
increased because there is no opportunity available for the regenerative mode. When the bicycle runs on flat terrain 
at a certain speed or higher, the bicycle is reversely power-assisted to operate in the regenerative mode so that electric 
energy can be generated in the regenerative mode even when the bicycle runs on flat terrain. Since the lorces required 
to run the bicycle on flat terrain are small, no appreciable load is imposed on the manual forces. . 
[0101] It is also effective for the bicycle to require the same manual lorces on slight downhill running as flat terrain 
running. Such a requirement does not make the rider feel awkward because the rider cannot recognize slight downhill 
gradients. 

[0102] In the present system, great importance is attached to the system efficiency. It is important to minimize me- 
chanical losses including the rolling resistance of the electric motor, the transmission mechanism, and the wheels, and 
the windage loss of the rider and the bicycle body, and electrical losses of the battery, the control circuit, and the electric 
motor. If these losses are small, the amount of the electric current required to run the bicycle uphill is reduced, and the 
amount of the electric current generated in the regenerated mode when the bicycle runs downhill is increased. 
[0103] Reducing the electrical losses, for example, will be described below. 

[0104] Since a typical electrical loss is a resistance, distances that the bicycle can travel at various gradients as the 
resistances of the electric motor and the lines, and the battery internal resistance are reduced are simulated. The 
results of the simulation are shown in FIG. 11. The total resistance is indicated by: 

[0105] Total resistance = the internal resistance of the electric motor + the resistance of the control circuit when the 
device are turned on + the wire resistance + the internal resistance of the battery. 

[0106] As the electric resistance (total resistance) is reduced, the distance that the bicycle can travel is increased 
until it becomes infinitely large. No improvement is achieved by the reduced electric resistance when the bicycle runs 
on flat terrain, but a greater improvement is achieved by the reduced electric resistance when the bicycle runs on 
slopes having gradients. 

[0107] Actual resistances are 0.38 Q lor the electric motor, 0.04 Q for the control devices, 0.03 Q for the line, and 
0.16 Q for the battery, resulting in a total resistance of about 0.6 Q. It is highly difficult to reduce the total resistance 
from 0.6 Q to about 0.1 Q. 

[0108] It can, however, be understood that the distance that the bicycle can travel can greatly be increased by re- 
ducing the resistance, though not so great, and improving the other losses. 

[0109] Traveled distances of bicycles having electric motors of the same specifications being mounted on small 
wheels, with the present total resistance of 0.6 Q and an easily achievable total resistance of 0.52 Q, are shown in 
FIGS. 12A and 12B. 

[0110] When the electric motor is mounted on small tires, great advantages can be achieved even if the internal 
resistance is of a present level. The speed at which the advantages can be achieved is lower than that with a bicycle 
having a 24-inch tire, but is in the range from 10 km/h to 15 km/h which is practically a bit low. 

[01 1 1] However, the original requirement that the bicycle be power-assisted up to 25 km/h cannot be met. It is effective 
to increase the rotational speed of the electric motor by effecting field-weakening control on the electric motor, increas- 
ing the voltage of the battery and using a transmission. Since reducing the tire diameter is equivalent to incorporating 
a transmission, it is possible to employ an efficient speed reducer (transmission) and tires of large diameter. 
[0112] Employing small-diameter tires means using higher rotational speeds of the electric motor and higher effi- 
ciency thereof. Since the speed of the bicycle is reduced, the windage loss is reduced, including the efficiency while 
ihe bicycle is running, with the result that the distance that the bicycle can travel is increased. 



EP 0 994 015 A2 



[0113] The relationship between maximum speeds and tire diameters will be described. FIG. 13 shows the rel 
ship between maximum speeds and tire diameters. 

[0114] When the tire becomes smaller., the maximum speed is naturally lowered. For example, whereas the max 
speed ot the bicycle is about 26 km/h with 24-inch tires : the maximum speed ot the bicycle is about 1 3 km/h with 1 1 
s tires. 

[0115] Diflerences in running characteristics due to different wheel diameters will be described below. 
[0116] FIG/14 shows running characteristics depending on tire diameters. In FIG. 14, a traction lorce curve / 
resents a traction lorce vs. speed characteristic when a 12-inch tire is used. According to the traction force cui 
as the sped increases, the traction forces are reduced, and become nil when the speed is about 13 km/h. Poi 
70 intersection between the traction force curve A and running resistances represent speeds with respect to the grac 
Therelore, the bicycle can run at a speed of only about 12 km/h on flat terrain. 

[0117] A traction force curve B represents a traction force vs. speed characteristic when a 24-inch tire is usee 
bicycle can run at a speed of about 24 km/h. - ■ » _ 

[0118] Inasmuch as the running resistance increases as the speed increases, the running efficiency is better 
75 bicycle runs at as much a low speed as possible in a stable running speed range. Running the bicycle at a spc 
about 10 km/h in view of running stability and running efficiency will be analyzed below. 

[0119] When a 24-inch tire is used, a low-efficiency region is used in the vicinity of 10 km/h as indicated : 
efficiency curve B. 

[0120] When a 12-inch tire is used, a high-efficiency region is used as indicated by an efficiency curve A, b 

20 maximum speed is limited. 

[0121] If both the efficiency curves A, B are achieved by the field-weakening control and the transmission: t 
high-efficiency region from a low speed to a high speed can be used, making it optimum for increasing the dis 
that the bicycle can travel. It is best. for the bicycle to have a continuously variable transmission between the effic 
curves A, B, and preferable to incorporate several gear ratios between the efficiency curves A.. B if speed chang< 

2S to be made. 

[0122] FIG. 15 shows a block diagram a basic arrangement of a bicycle with a power assisting function accc 
to a second embodiment of the present invention, which incorporates the above functions combined together 
[0123] in FIG. 15, the bicycle has a crank 1, a treading force detecting circuit 3 : an electric motor A, a crank g 
a chain 6, a drive gear 9, a one-way clutch 10, a manually operated drive wheel 11 , a motor drive/cutput control i 

30 i2 : a battery 13, and a motor-operated drive wheel 14, a gradient detecting circuit 21, a running condition/ass 
condition setting circuit 22, a display circuit 23, and a brake lever and a regenerative circuit 24. 
[0124] The bicycle with the power assisting function according to the second embodiment is summarized as fo 
. [0125] When a regenerative control process is employed, a current consumed when the bicycle is powered (r 
propelled by the electric motor when running uphill) is supplied in the regenerative control process, increasir 

35 distance that the bicycle can travel. 

[0126] If the bicycle runs efficiently when it is powered and also when it runs in the regenerative mode, the dis 
that the bicycle can travel can be increased greatly. 

[0127] Major examples of efficient bicycle running are speeds matching uphill and downhill gradients. 
[0128] When running downhill, it is possible to set regenerative braking forces to optimum conditions. When ru 
40 uphill, however, it is impossible to set forces produced by the rider of the bicycle. 

[0129] Information is displayed (indicated) to the rider to run the bicycle in optimum conditions according 
intention of the rider. * 

[0130] The optimum conditions need to be considered taking into account a combination of the efficiency i 
power system (the electric motor, the transmission apparatus, the control circuit, the battery, etc.) and the ru 
45 efficiency. To increase the combined efficiency, an efficient transmission and a field-weakening control proces 
also additionally considered. 

[0131] While the efficiency of the electric motor is important, it is not sufficient for the bicycle to run in a region \ 
the efficiency of the electric motor is high. 

[0132] A lithium ion battery is preferable lor use in this system as its charging and discharging efficiency is . 
50 100 % and any limitations on the charging current are small in principle. . 

[0133] Under conditions in which the combined efficiency is higher than a certain level, the difference betwee 
•■ current consumed when the bicycle is powered the current supplied when the bicycle runs in the regenerative 

is nil making it possible for the bicycle to run infinitely. 
. [0134] The bicycle can run infinitely over a succession of certain uphill and downhill slopes. 
55 [0135]' For running on flat terrain and gradual slopes, the profile ot the assistive control is slightly modified to 
manual forces available tor the regenerative mode. 

[0136] On flat terrain and gradual slopes, since the bicycle needs small forces, any burden on the rider is smal 
the rider cannot recognize the degree of the gradient, the rider does not feel awkward and an undue burden. 
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[0137] The bicycle runs in the regenerative mode not only when it runs downhill but also when it is braked to a stop. 
The regenerative mode may be initiated by an electric switch just belore the brake shoe operates when the brake lever 
is pulled, so that a regenerated current can be obtained. 

[0138] Rather than the electric switch, a linear detector may be used to detect just belore the brake shoe operates 
lor linear regenerative control. 

[0139] Because the current that can be returned to the battery when the bicycle is braked is very small, the brake 
lever is effective when the bicycle runs downhill at a speed other than the automatically set speed. 
[0140] When the bicycle runs a considerably steep downhill slope, a mechanical brake may be operated in combi- 
nation with the regenerative braking lor generating an increased regenerated current. 

[0141] For increasing the efficiency even to a small degree, since the efiect ot the regenerative mode is increased 
by good efficiency, various components bl the system are designed with case for high efficiency. 
[0142] Pulsed forces applied to the pedals may not be used directly 1or assistance, but may be smoothed to avoid 
a pulsed current, and the tire air pressure and the lubrication ot the running transmission system may be detected by 
suitable means and indicated to the rider by suitable means tor prompting servicing ot the bicycle. It is important to 
construct the system in view of these considerations. 
[0143] According to the present invention, it is generally possible to: 
in 

1 1 greatly increase the distance that the bicycle can travel whiie being power-assisted; , 



\e 2. allow the battery capacity to be reduced if the distance that the bicycle can travel may be short; 

?o 3. reduce the cost and weight of the bicycle with the power assisting function; 

a 4. lead to the possibility of new sports such as a long-distance power -assisted bicycle race; and 

-e 5. increase the range in which the bicycle can operate, partly covering an area of motorcycles lor environmental 

:y improvement, 
re 

cs [0144] The present invention has been described as being applied to a bicycle with a power assisting function. How- 

ig ever, the principles of the invention are applicable to wheelchairs and manually powered small-size vehicles. 

[0145] Although certain preferred embodiments of the present invention have been shown and described in detail, 

7, it should be understood that various changes and modifications may be made therein without departing from the scope 

jit of the appended claims. 
ig so 

s: Claims 

ie 1. A bicycle with a power assisting function, comprising: 

35 

re an electric motor (4) for adding part of propulsive forces to manual forces to assist in the manual forces; 

power supply means including a battery (13) for supplying electric energy to said electric motor (4); 

control means (12) lor controlling operation of said electric motor (4); 
ig regenerating means for regenerating electric energy to charge said power supply means (13) with part of 

-*o energy from extra manual forces; 

ie. running state detecting means (3) for detecting a running state; and 

display/indication means (23) for displaying/indicating a running state and/or a running target depending on 
ie the running state detected by said running state detecting means. 

1 9 ■ ■ " ' 

r e -*5 2. A bicycle according to claim 1 , wherein said running target comprises propulsive forces to be generated manually 
said display/indication means (23) comprising means for displaying/indicating any difference between said running 
r e target and a present running state lor the rider of the bicycle to determine the difference exactly. 



A bicycle according to claim 1 , wherein said running state detecting means comprises: 

gradient detecting means (21 ) for detecting a gradient of a running path for the bicycle; and 
speed detecting means for detecting a present speed of the bicycle: 

said display/indication means (23) comprising means lor displaying/indicating a target speed and a present 
running speed detected by said speed detecting means and/or a quantity depending on an excess or insufficiency 
of the difference between said target speed and said present running speed depending on the gradient detected 
by said gradient delecting means (21 ). 
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A bicycle according 10 claim 3, wherein said display/indication means (23) comprises means tor displayin 
eating as said target speed, a running speed to maximize a charging current supplied to said power supply i 
(13) it the gradient detected by said gradient detecting means (21 ) is a downhill gradient, and a speed dete- 
in view ol a practical running spe d, to minimize a consumed current ot said power supply means it the g; 
detected by said gradient detecting means (21) is an uphill gradient. 

A bicycle according to claim 1 , wherein said control means (12) comprises means tor controlling operation 
regenerating means. 

A bicycle according to claim 5, wherein said control means (12) comprises means tor controlling said regen. 
means to regenerate electric energy when a running speed ot the bicycle is higher than a predetermine 
while the bicycle is running on flat terrain. 

A bicycle according to claim 3, wherein said control means (12) comprises means lor controlling operation 
regenerating means if the gradient detected by said gradient detecting means is a downhill gradient and con 
running ol the bicycle at an optimum running speed depending on the detected downhill gradient. 

A bicycle according to claim 1 , wherein said regenerating means comprises means tor utilizing part ot the < 
energy to charge said power supply means (13) when a brake lever is operated. 

. A bicycle according to claim 1 , wherein said electric motor (4) comprises a direct-drive electric motor he 
rotatable shaft and a stator which are directly coupled to a front wheel (14), and an outer rotor rotatable in 
With the front wheel (14), said direct-drive electric motor (4) serving as said regenerating means. 

0. A bicycle with a power assisting function, comprising: 

an electric motor (4) for adding part of propulsive lorces to manual forces to assist in the manual fore 

power supply means (13) for supplying electric energy to said electric motor (4); 

manual force detecting means (3) for detecting manual lorces as propulsive forces; and 

control means (12) for controlling operation of said electric motor (4) depending on the magnitude of the i 

forces detected by said manual force detecting means (3); 

said electric motor (4) comprising a direct-drive electric motor having a rotatable shaft and a stato- 
are directly coupled to a front wheel (14), and an outer rotor rotatable in unison with the front wheel (V 
direct-drive electric motor (4) being operable as an electric generator with extra manual lorces for utilizing 
regenerated electric energy to charge said power supply means (13). 
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